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[57] ‘ABSTRACT 
A hard disk drive has a con?guration in which a metal 
cover, which is ?tted with a hard disk, is ?tted on a 
metal base by being screwed at a plurality of places, 
with a gasket being sandwiched in between the metal 
base and the metal cover. First protuberances are pro 
vided on the base on both sides of each hole for accept 
ing a screw, there being one protuberance on one side 
and another on another side of said screw hole, second 
protuberances being provided on the cover at positions 
that are opposite to said ?rst protuberances, and such 
that the ?rst protuberances and the second protuber 
ances are in pressured contact with each other on both 
sides of each screw portion, when the cover is ?xed 
onto the base. 

6 Claims, 11 Drawing Sheets 
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HARD DISK DRIVE HAVING A SHIELDING 
STRUCTURE AGAINST ELECTROMAGNETIC 

NOISE 

BACKGROUND OF THE INVENTION 

The present invention relates to a hard disk drive, and 
more speci?cally to a shielding structure of a hard disk 
drive. 
A hard disk drive is generally used within a com 

puter, wherein electromagnetic noise is abundant. 
Therefore, it is required that a hard disk drive be of a 

structure that is resistant to outside electromagnetic 
noise. 

FIGS. 1 and 2 show a conventional hard disk 10. 
The hard disk drive 10 is con?gured such that to a 

die-cast aluminum base 14 ?tted with a hard disk 12, an 
actuator 13, and other parts, an die-cast aluminum cover 
16 is ?xed by means of screws 17, with a gasket 15 
sandwiched between the cover 16 and the base 14. 
The gasket 15, made of foam resin, is an insulator. 
In threaded corner portions of the base 14 and corre 

sponding portions of the cover 16 are formed ?at sur 
face portions l8.1 - 184 and 19.1 - 19.4 respectively. 
The cover 16 is ?xed in such a way that the ?at sur 

face portions 184 ~ 18.4 are in contact with the corre 
sponding ?at surface portions 19.] - 19.4. 
The base 14 is grounded. 
The base 14, the cover 16, the gasket 15, and the 

screws 17 constitute a shielding structure. 
From a viewpoint of preventing invasion of electro 

magnetic noise. the shielding structure of the hard disk 
drive 10 includes slit windows 20, 21, 22, and having a 
width of W and a length of L1 or L2, as shown in FIGS. 
2 and 3. 
As regards a slit window in general, the maximum 

length of the straight portion determines the amount of 
electromagnetic noise invasion; the longer the straight 
portion, the larger the amount of electromagnetic noise 
invasion. 

Accordingly, with the above construction, there is a 
potential that. of the windows 20, 21, 22, and 23, the slit 
windows 20 and 22, which are larger than the other 
two, present a problem. 
As shown in FIG. 4 in an exaggerated manner, with 

the above construction, one-sided contact (i.e. contact 
not on the entire ?at surfaces 18 and 19) could be cre 
ated between the ?at surface portion 18.1 and the ?at 
surface portion 19-1, and also between the ?at surface 
portion 18.; and the ?at surface portion 19.2. 
One possible result of this incomplete contact is that 

a slit window 20A of a length L2, longer than the nor 
mal length L] could be created, thus causing the set to 
be more susceptible to electromagnetic noise invasion. 
Another possible result is that electric contact be 

tween the cover 16 and the base 14 could be insufficient. 
For these two reasons, the shielding structure of the 

conventional hard disk drive 10 has a disadvantage in 
that it has a potential of not working to the fullest of its 
electromagnetic noise invasion prevention capability, 
thereby lacking in reliability. 

SUMMARY OF THE INVENTION 

Accordingly, a general object of the present inven 
tion is to provide a novel and useful hard disk drive in 
which above-mentioned disadvantages are eliminated. 
Another object of the present invention is to provide 

a hard disk drive which is con?gured such that protu 
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2 
berances provided on a cover are in pressured contact 
with protuberances on a base on both sides of a screw, 
along the periphery of the cover, which screw ?xes the 
cover onto the base. 

In accordance with the present invention, slit win 
dows formed between the base and the cover can be 
made shorter, and shielding effect against electromag 
netic noise invading the hard disk drive is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the present in 
vention will be apparent from the following description 
given with the drawings, in which: 
FIG. 1 is an exploded oblique view of an example of 

a conventional hard disk drive, 
FIG. 2 is a side view of the hard disk drive of FIG. 1, 
FIG. 3 is an expansion view of a peripheral shielding 

structure of the hard disk drive of FIGS. 1 and 2, 
FIG. 4 is a view illustrating an example of a contact 

condition between a cover and a base, 
FIG. 5 is a top view of an embodiment of the hard 

disk drive of the present invention, with a part of the 
cover shown transparent, 
FIG. 6 is an exploded oblique view of the hard disk 

drive of FIG. 5, 
FIG. 7 is an enlarged top view of a corner portion of 

the base, 
FIG. 8 is a cross-sectional view taken along a line 

VIII-VIII, 
FIG. 9 is a top view illustrating a corner portion of 

the cover upside down, 
FIG. 10 is a cross-sectional view taken along a line 

X-X of FIG. 9, 
FIG. 11 is an enlarged view illustrating a corner 

portion shown in FIG. 5, 
FIG. 12 is an enlarged cross-sectional view taken 

along a line XII-XII of FIG. 11, 
FIG. 13 is an expansion view of a peripheral shielding 

structure of the hard disk drive of FIG. 5, 
FIG. 14 is a view illustrating mounting of the cover 

onto the base, the two not being screwed to each other 
yet, 
FIG. 15 is a view illustrating a variation of the pres 

ent invention, 
FIG. 16 is a view illustrating another variation of the 

present invention, 
FIG. 17 is a diagram illustrating a setup of a test for 

measuring a noise ratio and a read error‘ count, and 
FIG. 18 is a diagram describing noise ratio. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A description will be given below of a hard disk drive 
30 of an embodiment of the present invention, by refer 
ring to FIGS. 5 through 14. 

In the ?gures, parts that correspond to the parts 
shown in FIGS. 1 through 4 are given the same refer 
ence notation from ?gure to ?gure. 
A base 33 is of die-cast aluminum and is painted. A 

hard disk 12 and a actuator 13 are assembled onto the 
base 33. 
A cover 31 is of die-cast aluminum and is painted on 

its entirety. 
The cover 31 is ?tted onto the base 33 so as to cover 

the hard disk 12 and the actuator 13. 
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The cover 31 is secured onto the base 33 at a total of 
6 points, by means of screws 344 - 344) at the centers of 
the longitudinal side as well as at four corners. 
A foam resin gasket 32 is sandwiched between the 

cover 31 and the base 33. 
As shown in FIGS. 7 and 8, on a corner portion 354 

of the base 33, a threaded hole 364 is formed in the 
center, a ?rst annular raised portion 374 encircling the 
threaded hole 364 is formed, and ?rst protuberances 
384 and 394 of ?attened column shapes are formed to 
the right and left of the threaded hole 364 along the 
periphery of the base 33; the protuberances being equi 
distant from the threaded hole 364, the distances there 
from being a maximum of a. 
The annular raised portion 374, and the protuber 

ances 384 and 394 are formed such that their topsides 
are face-milled since high precision is required in their 
height. As a result of this, a topside 374,, of the annular 
raised portion 374, and topsides 384a and 394,, of the 
protuberances 384 and 394 are provided with paint 
removed and aluminum exposed. 
As shown in FIGS. 5 and 6 and also in FIG. 13, on 

the other corner portions 35.; - 35.4 of the base 33, 
threaded holes 36.; - 364. ?rst annular raised portions 
37.2 - 374, and ?rst protuberances 38.; ~ 384 and 39.2 - 
394 are formed, in the same way as on the corner por 
tion 354. 
On a corner portion 404 of the cover 31, which is 

shown turned upside down in FIGS. 9 and 10, a hole 
414 is formed in the center; a second annular raised 
portion 424 encircling the hole 414 is formed, and sec 
ond protuberances 434 and 444 of ?attened column 
shapes are formed to the right and left of the hole 414 
along the periphery of the cover 31, the protuberances 
being equidistant from the hole 414. the distances there 
from being a maximum of b. 
The annular raised portion 424, and the protuber 

ances 434 and 444 are formed such that their topsides 
are face milled since high precision is required in their 
height. As a result of this, a topside 42.1,, of the annular 
raised portion 424, and topsides 434a and 4440 of the 
protuberances 434 and 444 are provided with paint 
removed and aluminum exposed. 
As shown in FIGS. 5 and 13, on the other corner 

portions 40.; - 404 of the cover 31, holes 41.; - 41.3, 
second annular raised portions 42.; - 424, and second 
protuberances 43.2 - 434 and 44.2 - 444 are formed. 
As shown in FIGS. 7 and 9, the relationship between 

a diameter d] of the protuberances 384 and 394, and a 
diameter d2 of the protuberances 434 and 444 is such 
that d1<d2. 
The distances a and b are such that a>b, where a is 

approximately equal to 

112 
b + T . 

As shown in FIGS. 8 and 10, the heights h] of the 
protuberances 384, 394, 434, and 444 are approxi 
mately the same. The heights h; of the annular raised 
portions 374 and 424 are somewhat smaller than the 
heights h]. 
A corner portion 454 of the hard disk drive 30 is 

shown enlarged in FIGS. 11 and 12, and a totality of the 
corner portions 454 - 454 are shown in FIGS. 5 through 
13. It is shown in these ?gures that at the portions both 
to the right and left of each of the screws 344-344 along 
the periphery, which periphery runs through the screws 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
344-344 and around the hard disk drive 30, the protu 
berances 384-384 and 394-394 and the protuberances 
434-434 and 444-444 are in pressured contact with 
each other, with a force F to an extent that the protu 
berances may even assume a semiintegrated condition, 
as by the two surfaces penetrating into one another 
(hereinafter mesh). 
A description will be given of how the force F comes 

about. 
As shown in FIG. 14, an approximately 0.] mm gap g 

is created between the annular raised portions 424 and 
374, when the cover 31 is mounted onto the base 33 and 
the protuberances 434 and 444 are in contact with the 
corresponding protuberances 384 and 394. 
Once the above positioning is achieved, the screw 

344 is tightened. 
This causes the corner portion 404 of the cover 31 to 

be de?ected elastically till the gap g becomes closed; 
the elastic force thus generated creates the force F. 
That is, the gap g determines the amount of de?ection 

of the corner portion 404 of the cover 31, and the 
amount of this de?ection determines the force F. 

Since the gap g is determined with a high precision, 
the force F is determined with high precision. 
When the gap g is closed and the annular raised por 

tion 421 is brought into contact with the annular raised 
portion 374, the screw 344 cannot be tightened further, 
thus assuring secure tightening of the screw 344. 
A description of electromagnetic noise invasion pre 

vention capability of the shielding structure of the hard 
disk drive 30 follows. 

Electrical contact between the cover 31 and the base 
33 is ensured. in portions 50.1-50.8 which are pressed by 
the protuberances 434-434 and 444-444, and also in 
portions pressed by the annular raised portions 374-37. 
4 and 42.1-42.4. 
For each of the screwed portions secured by the 

screws 344-344, electrical contact is achieved in three 
points, resulting in smaller electrical resistance between 
the cover 31 and the base 33 than in the conventional 
hard disk drive shown in FIG. 5. 
For comparison with the structure of FIGS. 1 and 2, 

the size of a slit window through which electromag 
netic noise penetrates will be examined, omitting the 
central screws 34.5 and 34.6 on the longitudinal sides for 
convenience of description. 

In FIG. 13, 60 and 61 are slit windows along the 
longitudinal sides of the hard disk drive 2, and 62 and 63 
are slit windows along the traverse sides. 

It is ensured that the length L3 of the slit windows 60 
and 62 along the longitudinal sides is the distance be 
tween pressing portions 504; and 504, or between press 
ing portions 504 and 50.5. This length L3 is guaranteed 
to be shorter than the length L4 between the screws 
344 and 344 (or the distance between the screws 34.; 
and 34.3), and L- substantially shorter than the length 
L1,, of FIG. 4. 

It is ensured that length L5 of the slit windows 62 and 
63 along the lateral sides is the distance between the 
pressing portions 50.; and 50.3, or between thepressing 
portions 50.6 and 50.3. 

This length L5 is guaranteed to be smaller than the 
distance L6 between the screws 344 and 34.2 (and be 
tween 34.3 and 344). 

It is apparent that L3>L5. 
Consequently, the maximum length L3 of the slit 

windows 60-63 is substantially smaller than the maxi 
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mum length L1,, in the conventional hard disk drive, 
thereby causing the set to be more impervious to elec 
tromagnetic noise. 
Taking the screws 34.5 and 34.6 into consideration, the 

slit windows 60 and 63 are split into two resulting in the 
length of one slit window being L3/2, which is substan 
tially small. 

Accordingly, as will be described later, a hard disk 
drive 30 of this embodiment has better capability of 
preventing electromagnetic noise invasion than the 
conventional technology. 
The centers of the protuberances 43.1-43.4 and the 

protuberances 44.1-44.4 are displaced with respect to 
their corresponding protuberances on the base, along 
the periphery of the disk drive 30. 
More speci?cally, taking the corner portions 35.! and 

40.1 for example, the center 38.“ of the protuberance 
38.1 is farther away from the screw 34.] than the center 
43.“ of the protuberance 43.1 by a distance e and is 
therefore displaced with respect to a center 434C of the 
protuberance 43.1, as shown in FIG. 14. 

In a similar way, a center 39.16 of the protuberance 
39.1 is farther away from the screw 34.] than the center 
44.16 of the protuberance 44.1 by a distance e and is 
therefore displaced with respect to a center 44.10 of the 
protuberance 44.1. 

This results in an edge (angled portion) 38-11, of the 
protuberance 38.1 being pressed against the topside 
43.1,, of the protuberance 43.1 to an extent that a meshing 
of the surfaces of the protuberances takes place; and 
edge 43.11, of the protuberance 43.] being pressed against 
the topside 38.1a of the protuberance 38.1 to an extent 
that a meshing of the surfaces of the protuberances takes 
place. 

Similar conditions hold true with the protuberances 
39-1 and 44.1: an edge 39.“, of the protuberance 39.1 
meshing with the topside 44.1,, of the protuberance 44.1 
and an edge 44.“, of the protuberance 44.1 meshing with 
the topside 39.“ of the protuberance 39.1. 
Owing to these meshings, an even smaller electrical 

resistance between the cover 31 and the base 33 is 
achieved. 
With displacement e provided as above, the pressing 

portions 50.] and 50.2 are located substantially away 
from the screw 34.] as compared with the case where 
there is no displacement. 
When displacement is provided, the length L3 and the 

length L5 are shorter than otherwise, with a result that 
the slit windows 60-63 are more impervious to electro 
magnetic noise. 
A description of a variation of the present invention 

will be given below by referring to FIGS. 15 and 16. 
FIG. 15 illustrates a con?guration in which protuber 

ances are provided only on a cover 70. 
In the cover 70, protuberances 71 and 72 are provided 

along the periphery of the cover 70, on both sides of a 
hole _75 for accepting the screw 34. 
When the cover 70 is secured onto a base 73 by the 

screw 34, the protuberances 71 and 72 are in pressured 
contact with a ?at surface portion 74 of the base 73, on 
both sides of the screw 34, along the periphery of a hard 
disk drive. 
FIG. 16 illustrates a con?guration in which protuber 

ances are provided only on a base 80. 
In the base 80, protuberances 81 and 82 are provided 

along the periphery of the base 80, on both sides of a 
hole 85 for accepting the screw 34. 
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6 
When a cover 83 is secured onto the base 80 by the 

screw 34, the protuberances 71 and 72 are in pressured 
contact with a ?at surface portion 84 of the cover 83, on 
both sides of the screw 34, along the periphery of a hard 
disk drive. 
A description will be given below of a degree of 

improvement, in the hard disk drive 30, in the capability 
of preventing electromagnetic noise invasion. 
FIG. 17 illustrates a test setup. 
100 is a system power supply which is installed on a 

iron desk 101 and which is connected to an electronic 
load 102 and a power source 103 for the system power 
supply. When operated, the system power supply 100 
produces electromagnetic noise. 
The hard disk drive 30 is secured onto a mount board 

104, is supplied with an operating voltage by an operat 
ing power source 105, and is controlled and operated by 
an output signal from a simulator 106. 
An oscilloscope 107 is connected to the hard disk 

drive 30. 
A distance (separation) D between the system power 

supply 100 and the hard disk drive 30 is set at 6 cm, for 
example. 
A hard disk drive was prepared in which the second 

protuberances 38-1 -39.4 and 39.1 -39.4 of the ?xed 
cover, as in FIG. 5 through FIG. 13, were removed by 
cutting. This hard disk drive has a con?guration in 
which the pressing portion 50.1 —50.3 of FIG. 13 are 
lacking. Hereinafter, this hard disk drive shall be called 
a hard disk drive without pressing portions. 
A noise ratio and a read error count were measured 

by reading the oscilloscope 107 while the hard disk 
drive 30 was operated in conjunction with the system 
power supply 100 being operated and producing elec 
tromagnetic noise 108. 

In place of the hard disk drive 30, the hard disk drive 
without pressing portions was then mounted on a 
mounting board 104, and was operated so that noise 
ratio and a read error count were similarly measured. 

a description of noise ratio will be given below by 
referring to FIG. 18. 

Noise ratio is de?ned as the ratio of a noise level B, 
which is a peak-to-peak height of a noise signal 111 
generated when a read operation of intersectors of a 
hard disk containing no signals is performed with the 
system power supply 100 being operated, to a signal 
level A, which is a peak-to-peak height of a signal 110 
generated when a read operation of information written 
into sectors of the hard disk 12 is performed with the 
system power supply 100 not being operated. 
The noise ratio is calculated on the basis of the signal 

level A and the noise level B. 
Detection of read errors is performed by reading 

CRC codes provided separately from sectors of the 
hard disk 12 while the system power supply 100 is oper 
ated, and by detecting errors in read data by software 
means. 

Speci?cally, when a read error is generated, a retry is 
automatically performed. Read errors are measured, by 
counting retries. 
While a read error count of the hard disk drive with 

out pressing portions was 30, a read error count of the 
hard disk drive 30 of the present invention was 6; that is 
a decrease of four ?fths. 
As regards noise ratio, noise ratio for the hard disk 

drive 30 of the present invention was lower than noise 
ratio of the hard disk drive without pressing portions by 
anywhere from several to 10 percent. 
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Thus. it is apparent that the elctromagnetic noise 
prevention capability of the hard disk drive 30 is im 
proved in comparison with that of the hard disk drive 
without pressing portions. 
What is claimed is: 
1. A hard disk drive comprising: 
a metal base ?tted with a hard disk; 
a metal cover which covers said hard disk: 
a gasket which is sandwiched between said base and 

said cover; and 
screws for securing said cover onto said base at a 

plurality of places along the periphery of said 
cover, 

wherein ?rst protuberances (384 and 39.1) are pro 
vided on said base on both sides of each of screw 
holes provided for accepting each of said screws, 
there being one protuberance on one side at a pre 
determined distance apart from said screw hole and 
another protuberance being on another side at a 
predetermined distance apart from said screw hole, 
along the periphery of said base, 

wherein second protuberances (43.1 and 44.1) are 
provided on said cover at positions so as to face 
said ?rst protuberances when said cover is ?tted on 
said base, and 

wherein said ?rst and second protuberances are, 
when said cover is ?xed on said base by said 
screws, in pressured contact with each other on 
both sides of each of said screws, along the periph 
ery of said hard disk drive. 

2, A hard disk drive as claimed in claim 1, wherein 
each of said ?rst protuberances and each of said second 
protuberances are disposed so that, when said cover is 
?tted on said base, their centers (38.1, and 43.16) are 
displaced with respect to each other along the periph 
ery of said cover, a part of each of said ?rst protuber 
ances being in pressured contact with a part of a corre 
sponding one of said second protuberances. 

3. A hard disk drive as claimed in claim 1 wherein 
each of said ?rst protuberances has a ?attened column 
shape and each of said second protuberances has a ?at 
tened column shape with a diameter larger than that of 
said ?rst protuberances. 

4. A hard disk drive as claimed in claim 1 comprising: 
a ?rst annular raised portion (37.1) provided around 

each screw hole on said base for accepting one of 
said screws, 

a second annular raised portion (42.1) provided 
around each screw hole on said cover for accepting 
one of said screws, 
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8 
wherein said ?rst annular raised portion and said 
second annular raised portion are of such a size that 
some gap is formed between said ?rst annular 
raised portion and said second annular raised por 
tion when said cover is mounted onto said base 
with said second protuberance being in contact 
with said ?rst protuberance, 

and each of said screws is tightened to such an extent 
that said ?rst and second annular raised portions 
are in pressured contact with each other. 

5. A hard disk drive comprising: 
' a metal base ?tted with a hard disk; 
a metal cover which covers said hard disk; 
a gasket which is sandwiched between said base and 

said cover; and 
screws for securing said cover onto said base at a 

plurality of places on the periphery of said cover, 
wherein protuberances (71 and 72) are provided on 

said cover on both sides of each screw hole pro 
vided for accepting each of said screws, there 
being one protuberance on one side of each of said 
screw holes at a predetermined distance apart from 
said screw hole and another protuberance on an 
other side of said screw hole at a predetermined 
distance apart from said screw hole, 

and wherein said protuberances are in pressured 
contact with said base on both sides of each of said 
screw holes along the periphery of said hard disk 
drive, when said cover is ?xed onto said base by 
said screws. 

6. A hard disk drive comprising: 
a metal base ?tted with a hard disk; 
a metal cover which covers said hard disk; 
a gasket sandwiched between said base and said 

cover; 
screws for ?xing said cover onto said base at a plural 

ity of places along the periphery of said cover, 
wherein protuberances (81 and 82) are provided on 

said base on both sides of each screw hole provided 
for accepting each of said screws, there being one 
protuberance on one side of each of said screw 
holes at a predetermined distance apart from said 
screw hole and another protuberance on another 
side of said screw hole at a predetermined distance 
apart from said screw hole, along the periphery of 
said base, 

and wherein said protuberances are in pressured 
contact with said base on both sides of each of said 
screw holes along the periphery of said hard disk 
drive, when said cover is ?xed onto said base by 
said screws. 
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